Some authors have suggested that when evaluating depression in multiple sclerosis (MS) 
Depression Scale (SDS; Zung, 1965) . One inherent difficulty in using measures such as the BDI or SDS is that such measures have items that assess neurovegetative symptoms of depression. Given the overlap between neurovegetative symptoms of depression (e.g., sleep difficulty) and somatic symptoms commonly associated with MS-related physical disability (e.g., restlessness, fatigue), scores of depression on self-report measures may be artificially inflated, leading to inaccurate portrayal of depressive symptomatology. Some authors (e.g., Huber & Rao, 1993; Nyenhuis et al., 1995) have suggested that when evaluating depression in MS patients, neurovegetative symptoms should be discounted and/or not considered, given the ostensibly high overlap between symptoms of MS and neurovegetative symptoms of depression. A further assertion is that mood scales, such as the one on the Chicago Multiscale Depression Inventory (Nyenhuis et al., 1995) may provide a more accurate characterization of depression in MS patients than scales containing neurovegetative items.
One important consideration in evaluating depression in MS patients not commonly addressed in the literature is that certain neurovegetative symptoms may be specifically related to MS patients' depression and are not simply indicators of physical disability or fatigue. Although researchers' (e.g., Nyenhuis et al., 1995) assertions against the use of neurovegetative symptoms in MS are sensible, it is also possible that some of these symptoms are more associated with depression than other symptoms. Thus, routinely failing to include any neurovegetative items in assessment of depression in MS may not be warranted and may lead to an incomplete and possibly misleading description of depression in MS.
The current study investigated the possibility that some neurovegetative symptoms may be specifically related to MS patients' depression and are not simply indicators of physical disability and/or fatigue. In particular, we assessed whether various neurovegetative symptoms were differentially associated with physical disability, fatigue, and depression in MS patients.
METHOD

Participants and Procedure
Seventy-nine Caucasian MS patients were recruited from outpatient clinics and the Spokane, WA chapter of the National MS Society. Each MS participant was diagnosed as having definite or probable MS based on Poser et al. (1983) criteria by a board-certified neurologist who also determined disease course based on recently published criteria (Lublin & Reingold, 1996) ; scores from the Expanded Disability Status Scale (Kurtzke, 1983) were also rated. Participants were excluded from the present study if they: (a) had a history of drug or alcohol abuse or nervous system disorder other than MS, (b) had severe motor or visual impairment that might interfere with cognitive testing, or (c) could not be evaluated on an outpatient basis. Following the testing, it was subsequently learned that one patient had suffered a severe allergic reaction in childhood that resulted in him being comatose for a long period of time; another tested patient refused or was unable to complete a significant proportion of the test battery. Therefore, these two participants were excluded from data analyses. Additionally, one patient (a depressed MS participant) refused to complete one questionnaire and therefore could not be included in the data analyses. Thus, the MS patients described below included 76 tested participants (see Table 1 for demographic information). Additional description of patient characteristics and recruitment can be found in Arnett et al. (1999) .
After providing informed consent, participants were administered a semi-structured psychosocial interview followed by a neuropsychological test battery. No participant was experiencing an exacerbation of MS symptoms at the time of testing. In return for their participation, participants received a brief written evaluation of their overall intellectual functioning, attention, memory, and mood. The treatment of participants was in accordance with the ethical standards of the American Psychological Association and the state of Washington.
Measures
Expanded Disability Status Scale (EDSS; Kurtzke, 1983) . The EDSS is a scale that evaluates physical and neurological disability in MS patients. Various functional systems are assessed by the EDSS, including pyramidal, cerebellar, brain stem, and sensory systems. Ratings are made on a 0 to 10 scale, ranging from no physical disability/disturbance in functional systems (0) to extreme functional system disturbance (e.g., inability to communicate or eat rated as a 9.5). Reasonable psychometric data for the EDSS are published elsewhere (Kurtzke, 1983) . Higher EDSS scores are indicative of greater disability. 
Note . Unless otherwise specified, values represent means (standard deviation). CMDI ϭ Chicago Multiscale Depression Inventory; BDI ϭ Beck Depression Inventory. a 25 patients were using at least two medications at the time of data collection.
Fatigue Impact Scale (FIS; Fisk, Pontefract, Ritvo, Archibald, & Murray, 1994) . The FIS is a 40-item self-report measure assessing symptoms and sequelae of fatigue. Participants rate items on a 0 to 4 scale, from "no problem" to "extreme problem." Sample items include, "Because of my fatigue I am less motivated to do anything that requires physical effort" and "Because of my fatigue I have to reduce my workload or responsibilities." Higher FIS scores represent more severe fatigue.
Beck Depression Inventory (BDI; Beck & Steer, 1987) . The BDI is a 21-item self-report inventory that assesses depressive symptoms over the past week. Items are rated on a 0 to 3 scale, from neutral feelings about a statement (e.g., "I have not noticed any recent change in my interest in sex," indicated by a "0") to depressotypic feelings (e.g., "I have lost interest in sex completely," indicated by a "3"). Only items assessing neurovegetative symptoms of depression (i.e., sleep disturbance, tiredness, appetite change, decision-making difficulty, disinterest in sex) were used in data analyses; these items were considered individually in relation to Chicago Multiscale Depression Inventory, EDSS, and FIS scores. The BDI has consistently been found to be highly reliable and to demonstrate high convergent validity with independent ratings of depression severity with various clinical populations (Beck, Steer, & Garbin, 1988) . Higher BDI scores represent greater depression.
Chicago Multiscale Depression Inventory (CMDI; Nyenhuis et al., 1995) . The CMDI is a 42-item measure of depression developed specifically to assess depression in MS and other medical populations. The CMDI contains three subscales (14 items each) that respectively assess mood, evaluative, and neurovegetative symptoms of depression. Only the mood scale will be used in the present study in order to derive a relatively "pure" index of depressed mood independent of neurovegetative symptoms. Participants rate how well items describe their own experiences (e.g., "sad"; "easily awakened"; "rejected") over the past week on a 1 to 5 scale, from "not at all" to "extremely." Reliability and validity data for the CMDI attest to its usefulness as a measure of depression with MS patients; in validation studies, coefficient alpha of the three scales has ranged from .91 to .98 (Nyenhuis et al., 1995) and significant correlations have been found between all scales and other well-used depression inventories (Nyenhuis, Luchetta, Yamamoto, Terrien, & Garron, 1996) . Items were scored such that higher scores indicate more depressed mood.
Data Analytic Strategy
For data analyses, neurovegetative symptoms from the BDI were correlated with CMDI-assessed depressed mood. Two measures of depression were used in this way in order to compare neurovegetative symptoms on a commonly used measure of depression (BDI) with a scale designed specifically to assess mood independent of neurovegetative and evaluative symptoms of depression (CMDI) and to reduce effects of multicollinearity. We first correlated BDI items with the CMDI-mood scale and the EDSS to determine the relations among neurovegetative items, depressed mood, and physical/ neurological disability. Stepwise regression analyses were then conducted to determine the relative contribution of each neurovegetative item to depressed mood. An additional correlational analysis was then performed correlating the neurovegetative items with the CMDI-mood scale and the Fatigue Impact Scale to assess the relationships among neurovegetative symptoms, depressed mood, and fatigue.
A final data analytic procedure applied in the present study was structural equation modeling (SEM) using the EQS computer program (Bentler, 1995) . When investigating theoretical connections between various independent and dependent variables, structural modeling has several advantages over other statistical procedures (e.g., multiple regression; see Baron & Kenny, 1986) . For example, with SEM, all relationships among variables are explicitly stated through description of specific paths connecting certain variables; these relationships are also specified graphically, allowing for an elegant presentation of study hypotheses and findings. Further, because the present research relies on questionnaires that assess psychological variables, it is likely that measurement error is a methodological issue of concern. Importantly, SEM incorporates biases such as measurement error directly into estimated models, allowing for data to be analyzed and interpreted with more confidence.
Using SEM, we estimated a post-hoc model based on correlational analyses in order to conceptualize more clearly the possible relations between neurovegetative symptoms and depressed mood, physical disability, and fatigue. To examine the fit of the model, four fit indexes were used. First, the chi-square statistic tests the departure of the specified model's estimated covariance matrix from the actual sample covariance matrix. Given that the chi-square is known to be distorted with small or large sample sizes, some authors have suggested that the chi-square to degrees of freedom ratio is a more appropriate way to use the chi-square statistic to assess model fit (Bollen, 1989) . A model is considered acceptable if this ratio is less than 2.0 (Ullman, 1996) . Both the chi-square statistic and the chi-square/degrees of freedom ratio are reported below. Two other fit indexes, the Comparative Fit Index (CFI) and Incremental Fit Index (IFI) have been found to reflect model fit well regardless of sample size and have less sampling variance than other fit indexes (Bentler, 1990; Bollen, 1989) . A fourth index, the LISREL Goodness-of-Fit Index (GFI), is based on arbitrary distribution theory and is computed according to the size of weighted residuals compared to the size of the weighted input data (Bentler, 1995) . This index is commonly used in another structural modeling computer program (LISREL; Joreskog & Sorbom, 1988) . CFI, IFI, and GFI values range from 0 to 1; values greater than .9 represent a good model fit (Bentler, 1995) .
RESULTS
Preliminary Analyses
Of note is the number of female versus male participants in our study; our female:male ratio is approximately 4:1. This ratio is not unusual for studies in the MS literature (cf. Rao et al., 1991) ; however, considering that the sex distribution for MS patients in the general population is thought to approximate a 2:1 female:male ratio (Hogancamp, Rodriguez, & Weinshenker, 1997) , it is possible that our results are not entirely representative of MS patients as a whole. Therefore, we conducted t -test analyses to determine whether male and female patients differed on study variables. Results revealed no significant differences on any study variable (all p 's Ͼ .35).
We also conducted t -test analyses to determine whether patients with relapsingremitting versus progressive courses (collapsed across primary and secondary progressive courses) differed on study variables. Analyses revealed only one significant difference between groups; patients with a progressive course had significantly higher scores on the EDSS, t (72) ϭ Ϫ 4.53, p Ͻ .001. However, given that the EDSS was not a critical variable in the tested structural equation model, we do not view this t -test finding as particularly noteworthy in the context of other findings.
Correlational and Regression Analyses
We first conducted correlational analyses to determine whether neurovegetative symptoms were differentially related to CMDI-Mood versus EDSS scores. 1 Results revealed that four of five neurovegetative items were significantly (all p s Ͻ .01) associated with CMDI-Mood but not with the EDSS (Table 2 ). In order to determine the relative contribution of each neurovegetative symptom to CMDI-Mood, we next conducted a stepwise regression analysis using CMDI-Mood as the criterion variable and all five neurovegetative items as predictors. 2 As displayed in Table 3 , three neurovegetative items were significant (all p s Ͻ .05) independent predictors of CMDI-Mood scores: sleep disturbance, disinterest in sex, and decision-making difficulty.
We additionally correlated neurovegetative items, CMDI-Mood, and FIS scores to determine the relationships among neurovegetative symptoms, depressed mood, and fatigue (Table 4) . Results revealed that all neurovegetative items were associated with FIS scores (all p s Ͻ .01), with decision making difficulty and tiredness being significantly [t(74) ϭ 3.52, p Ͻ .001, two-tailed; t (74) ϭ 2.74, p Ͻ .01, two-tailed, respectively] more associated with the FIS than CMDI-Mood. One neurovegetative item, disinterest in sex, was more highly correlated (though not significantly so) with CMDI-Mood than the FIS. To examine the possibility that this neurovegetative item was associated with depressed mood after controlling for fatigue, we conducted a hierarchical regression analysis using disinterest in sex as the criterion variable and entering the FIS and CMDI-Mood in two 1 Given the risk of familywise error as a result of conducting multiple analyses, we set the criterion for significance for all zero-order correlational analyses at p Ͻ .01. 2 We used stepwise regression to explore the relationship between depressed mood and each of the neurovegetative symptoms. Using this procedure, our subject-to-variable ratio was approximately 15:1. As a result, our ratio falls short of some authors' recommendations that any multiple regression procedure, particularly a stepwise regression analysis, should have a minimum subject-to-variable ratio of 20:1 to minimize the risk of statistical artifacts (Hays, 1994) . Given the exploratory nature of this analysis (we are unaware of other studies that have examined the relationships among specific neurovegetative symptoms and depressed mood, and thus did not have any a priori predictions for these relationships), it will be important for future studies to replicate our findings using a larger sample. steps. Results indicated that CMDI-Mood was associated with disinterest in sex after entering the FIS in the first step ( p Ͻ .01; ⌬ R 2 ϭ .09), suggesting that depressed mood is associated with disinterest in sex after accounting for fatigue.
Structural Equation Modeling Analyses
In order to conceptualize the relationships among neurovegetative symptoms, depressed mood, physical disability, and fatigue more clearly, we constructed a post-hoc structural equation model based upon our correlational findings. Further, in constructing the model we noted that EQS essentially tests a specified structural model by conducting a series of stepwise regression analyses simultaneously. As with regression analyses, the variance in each independent variable in a structural equation model is often accounted for by the first or second tested dependent variable in the specified model. Considering this logic, we constructed the post-hoc model by predicting that each independent variable in the model (i.e., depressed mood, fatigue, and physical disability) would only be associated with neurovegetative symptoms in the model when the zeroorder correlations (computed earlier) between the independent variable and neurovegetative symptoms were robust.
For the model, we proposed that depressed mood would be uniquely associated with disinterest in sex compared to physical disability and fatigue, given that disinterest in sex was not associated with physical disability and was associated with depressed mood after controlling for fatigue in earlier analyses. Fatigue was predicted to be uniquely associated with decision-making difficulty; depressed mood and fatigue were both hypothesized to be associated with sleep disturbance and appetite change. Finally, depressed mood, fatigue, and physical disability were all proposed to be related to tiredness, given that tiredness was the only neurovegetative symptom with which all three predictors correlated. 3 An initial test of the post-hoc model revealed a moderate fit to the data, 2 / df ratio ϭ 2.10 [ 2 (17, N ϭ 76) ϭ 35.74, p Ͻ .05], CFI ϭ .86, IFI ϭ .87, GFI ϭ .90. In an attempt to develop a better-fitting model, we made additional modifications based on 
DISCUSSION
The present study sought to examine and clarify the relationship between neurovegetative symptoms and depressed mood, fatigue, and physical disability in a sample of MS patients. We found that four of five neurovegetative symptoms of depression were associated with depressed mood but not physical disability, suggesting that some neurovegetative symptoms are reliably associated with depressed mood in MS patients and are not merely symptoms that overlap with physical/neurological sequelae of MS. We also found that all neurovegetative symptoms were associated with both fatigue and depressed mood, although one symptom-disinterest in sex-was associated with depressed mood after controlling for fatigue. Two other symptoms-decision-making difficulty and tiredness-were more associated with fatigue than depressed mood. Further, our revised post-hoc structural equation model of neurovegetative symptoms bolstered correlational findings and supported differential associations among neurovegetative symptoms and various categories of emotional and physical sequelae of MS. Perhaps the most notable finding within the structural model was the relationship between depressed mood and two neurovegetative symptoms: disinterest in sex and sleep disturbance. In particular, disinterest in sex was associated with depressed mood independent of both fatigue and physical disability, suggesting that assessment of this neurovegetative symptom may be diagnostically valuable in assessment of depression in MS and should not be considered as a symptom that merely overlaps with somatic symptoms of MS. Although others (e.g, Nyenhuis et al., 1995) have argued that neurovegetative symptoms as a class should not be considered as depressive symptoms in MS patients, the current findings suggest that such a strategy may be misguided. Indeed, by not considering certain neurovegetative symptoms, valuable diagnostic information may be neglected when assessing affective disorders in MS patients. Relatedly, findings from the present study have implications for clinicians and researchers working with MS patients. In particular, when assessing for depression in MS, it may be relatively more important to consider the neurovegetative symptom of decreased interest in sex than other neurovegetative symptoms; this symptom appears to be uniquely associated with depressed mood compared with symptoms of physical disability and fatigue. Other neurovegetative symptoms may be associated with both depression and fatigue (e.g., sleep disturbance) or only with fatigue (e.g., decision-making difficulty, tiredness). We found that fatigue correlated similarly to, or better than, depressed mood with most neurovegetative symptoms. Further, depressed mood and fatigue were robustly correlated in the present study. It is also important to note that fatigue and physical disability were moderately correlated [r (74) ϭ .49, p Ͻ .001], whereas mood and physical disability were not correlated [r (74) ϭ .12, p Ͼ .10]. Consistent with most research using the EDSS as a measure of physical disability in MS (Fischer et al., 1994) , we did not find depressed mood to be related to physical disability. It is possible that the high prevalence of depression in MS patients, particularly compared to patients with other chronic disabling disorders (see Schiffer & Babigian, 1984) , is due to other life stressors MS patients experience. Additional factors that might contribute to depression in MS include cognitive impairment and awareness of such impairment, uncertainty of the disease process, decreased social support, social isolation, and, as our data suggested, fatigue. Considering these data, perhaps it is sensible to consider depression and fatigue as overlapping but somewhat independent constructs rather than as two distinct classes of symptoms associated with MS. Future studies are needed to delineate the complex web of interrelated variables that contribute to depression in MS.
One limitation of our study is that the tested structural equation model of neurovegetative symptoms was constructed and estimated after considering correlational findings rather than a priori; however, based on previous research and suppositions of researchers that all neurovegetative symptoms of depression should be discounted when assessing depression in MS, little rationale existed for which particular symptoms to consider as being specifically related to depression versus related to physical disability and fatigue. Future studies might test the present model a priori to determine whether it would generalize to other MS samples as well as to different neurological populations. Relatedly, although the revised post-hoc model was considered to be the most statistically optimal representation of the data in the present study, it is by nature exploratory. A revised model using SEM represents an efficient statistical solution; this solution may or may not be an accurate representation of how variables interact in "real life." Thus, the generalizability and applied relevance of the revised post-hoc model is dependent on future research that is able to examine and replicate the present findings. Further, although the model in the present study implies that depressed mood and fatigue lead to various neurovegetative symptoms, it is possible that other configurations of variables also provide a reasonable fit to the data. Future research might amend the present study's post-hoc model by examining possible mediating or moderating variables within such a model, particularly by examining the proposed relationships longitudinally.
Another limitation of our study relates to SEM and sample size. Although guidelines for appropriate sample size when using structural equation modeling are not firmly established (Tanaka, Panter, Winborne, & Huba, 1990) , an accepted "rule of thumb" is 10 subjects per path to be estimated (Bentler, 1995) . Thus, our sample is slightly below this standard. However, it is important to note that: (a) we couch our results tentatively, and acknowledge that the ultimate utility of our model depends on cross-validation and replication with other MS samples; (b) our sample is larger than some studies in the MS literature (e.g., Beatty, Goodkin, Monson, & Beatty, 1989; Maurelli et al., 1992) , and similar in size to others (e.g., Klonoff, Clark, Oger, Paty, & Li, 1991; Rao et al., 1991) ; (c) other recent studies have tested structural equation models with subject-estimated path ratios similar to ours (e.g., Kafer & Hunter, 1997) ; and (d) our use of SEM in the present study represents one of the few attempts to apply this powerful statistical technique common in other literatures to neuropsychological/neurological phenomena. Thus, we feel our use of SEM is appropriate in the present study.
It is also important to note that neurovegetative symptoms may be associated with conditions other than depressed mood, fatigue, and physical disability. For example, decision-making ability in MS patients may also be affected by executive functioning impairment above and beyond depressed mood and fatigue. Indeed, impaired executive functions of planning, self-direction, and conceptual reasoning are all likely to be associated with difficulty in making decisions; these executive functions have been found to be impaired in up to one third of MS patients (Arnett et al., 1997; Rao et al., 1991) . Executive impairment may also impact patients' ability to self-monitor and accurately report symptoms they are experiencing. Relatedly, it is possible that self-report data collected from MS patients such as those in the present study are not valid due to poor insight and more general executive impairment (Arnett et al., 1997) . However, in a separate report using the same sample as that in the present study (Arnett, Higginson, Voss, Bender, et al., in press ), significant other ratings of patients' depression (using the BDI) was nearly identical to patients' self-reported depression, suggesting that patients are capable of reporting their symptoms accurately. Additional studies might consider the role of variables such as executive functioning impairment on reported neurovegetative symptoms. A final caveat is that, although our study suggests that it may be misguided to discount neurovegetative symptoms in evaluating depression in MS, there may be certain situations where examining homogeneous clusters of depressive symptoms is warranted. For example, Arnett et al. (1999) recently reported that when depressed and nondepressed MS groups were defined using extreme scores on the CMDI-Mood subscale, the depressed group was significantly more impaired on several attentional capacity-demanding tasks compared with the nondepressed group. Although the depressed mood MS group also showed significantly more neurovegetative depressive symptoms compared with the nondepressed group, neurovegetative symptoms were uncorrelated to performance on the capacity-demanding attentional tasks.
In summary, our study demonstrates that neurovegetative symptoms in MS are differentially associated with depressed mood, fatigue, and physical disability. We found that: (a) nearly all neurovegetative symptoms in MS are associated with depressed mood and not physical disability; (b) one neurovegetative symptom, disinterest in sex, appears to be uniquely associated with depressed mood in MS; and (c) fatigue, like depressed mood, is associated with various neurovegetative symptoms. We suggest that researchers and clinicians alike consider the present findings as a caution against minimizing the importance of all neurovegetative symptoms when assessing depression in MS.
